Abstract: This study was conducted to determine the effects of adding DL-methionine (Met) in low-protein diet (Low-CP; 14% CP) on egg production, reproductive organs, abdominal fat and chemical liver composition of laying hens under tropical conditions. Four hundred and eighty commercial laying hens (Isa-brown) during 24-44 weeks of age were fed with the Low-CP diet containing 0.26, 0.30, 0.38 or 0.44% Met. Dietary protein 16% CP with 0.38% Met was offered as the positive control group. The results showed that hen-day egg production, egg mass and feed conversion ratio of hens received Low-CP diet with 0.26% Met was the worst among experimental groups (P<0.01). Increasing Met to 0.44% could improve hen-day egg production and egg weight as same as the control group, although FCR and egg mass of all Low-CP diet with various levels of Met were still significantly poorer (P<0.05). Interestingly, adding synthetic Met to Low-CP diet resulted in significant reduction of mortality rate compared to the Low-CP diet without adding Met and the control group (P<0.05). Hens received Low-CP diet with 0.44% Met had lower yolk egg percentage than 0.26% Met group. Moreover, higher eggshell thickness, ovary weight, oviduct weight and abdominal fat weight in supplementing Met groups were observed (P<0.05). However, adding Met could not achieve development of reproductive organs compared to the control. Liver fat and abdominal fat contents were linearly increased with the Met supplementation, while the liver protein was inversely reduced (P<0.05). In conclusion, the adding Met in Low-CP diet may give advantage to the hen raised under hot climate, particularly in case of mortality rate and eggshell thickness.
Introduction
It is generally known that high environmental temperatures always negatively affect to poultry performance such as feed intake, live weight gain and feed efficiency decrease (Donkoh, 1989; Siegel, 1995) , abdominal fat increase (McNaughton et al., 1984) , egg weight decrease (Peguri and Coon, 1991) and eggshell quality decrease (Deaton et al., 1981; Emery et al., 1984; Grizzle et al., 1992) ; therefore, egg production and eggshell quality of laying hens often suffer in tropical environments, including in Thailand. Thailand is located in tropical zone, average temperature is around 30 C. Under these conditions, heat stress is o particularly a great problem when hens are kept i n convention naturally ventilated houses, which have proven ineffective in many regions of country. Because of the high cost of cooling animal buildings, dietary manipulations are normally applied to alleviate the negative effects of high environmental temperature on performance of laying hens. It is well established that dietary protein produce a high heat increment, adversely affecting hen performance during periods of high environmental temperatures. Austic (1985) ; Waldroup et al. (1976) and Waldroup (1982) , therefore, have recommended a reduction i n dietary protein content with suitable supplementation by essential amino acids to alleviate negative effects of heat stress. Although there were several reports indicated that increasing dietary protein level could improve growth in heat-exposed chicks (Cahaner et al., 1995; Temim et al., 1999) . The levels and balance of amino acids in the diets are all important nutritional variables that affect the economic efficiency of an egg laying enterprise (Al-Saffar and Rose, 2002) . DL-methionine (Met) is normally considered to be the first-limiting amino acid in poultry diet. In general, amino acid balance and nitrogen retention are improved by Met supplementation. Recently, low dietary protein with synthetic amino acid supplementation is becoming relevant in feed formulation to minimize the nitrogen excretion and production cost (Chung et al., 1998) . Summers et al. (1991) have shown that the supplementation of a low protein (10% CP) diet with 0.32% Met resulted in a 10% increase in egg mass. Sell and Rogler (1983) ; Chung et al. (1998) ; Ravikiran and component (percentage of egg yolk, egg albumen and Devegowda (1998) also found that supplementing Met to eggshell), and albumen high as well as eggshell low protein diet resulted in an improvement of egg thickness. production similar to the higher protein diet. Moreover, At the end of experiment, after overnight feed deprivation, increasing dietary Met intake significantly increased egg 2 hens from each replication that had body weight closed weight (Harm and Russell, 1993) and decrease o f to the replicate mean were chosen and killed to evaluate abdominal fat content in broiler chicks (Bunchasak et al., the development of reproductive organs, chemical liver 1997).
composition and abdominal fat content. The livers were Hence, this study was aimed to investigate effects of immediately taken and stored at -20 C until the chemical adding Met in low protein on egg production, reproductive analysis (AOAC, 1990 the experiment was 31.59±6.16 C (Fig. 1 ) and relative To test the effects of Met, hens were fed with Low-CP diet humidity was 66.65±7.98%. Feed intake, protein intake, (14% CP; 2,900 ME Kcal/kg diet) containing 0.26, 0.30, Met intake, production performance and mortality rate 0.38 or 0.44% Met. The diet contained 16% CP with were shown in Table 3 . The Low-CP diet with 0.26% Met 0.38% Met and 2,900 ME Kcal/kg diet was offered as had significantly depressed feed consumption of hens positive control group. Amino acids pattern and other compared to other experimental groups (P<0.01). nutrients in diets were adjusted according to the The control group had highest protein intake, at the recommendation of NRC (1994) ( Table 1 and 2). Feed same time as protein intake of the Low-CP diet with samples were collected and subsequently ground using 0.26% Met was the lowest (P<0.01). However, Met intake a 1-mm screen in grinder. All diets were analyzed for was significantly linearly increased as the supplemental protein, fat, fiber, ash, calcium and phosphorus levels increased (P<0.01). In addition, increased dietary according to the AOAC (1990) methods. Gross energy Met intake significantly improved hen-day egg production, contents in diets were determined by bomb-calorimeter. egg mass, egg weight, FCR and mortality of hens. Amino acids composition in both 16% CP and 14% CP Adding Met at 0.38% or 0.44% diet exhibited a less diets (without supplementing synthetic amino acids) pronounced negative effect of low protein intake and had were determined using high performance liquid significantly lower mortality rate than the control diet chromatography (HPLC) (Cohen and Michaud, 1993) .
(P<0.05), although egg mass and FCR of the control Measurements: Hen-day egg production and feed intake groups. were recorded daily whereas egg weight were determined 4 weeks interval (5 periods), regularly in the Egg components: Egg components were significantly same day of period. The hens were weighed at the affected by supplemental dietary Met (Table 4) . Low-CP beginning and final date of the experiment, gain or loss diet tended to improve albumen high (P=0.054). was then calculated. Egg mass was calculated b y Moreover, addition of Met to the Low-CP diet resulted in multiplying egg weight by hen-day egg production an increasing percentage of egg albumen, while percentage. Feed conversion ratio (FCR) was calculated inversely decreased percentage of egg yolk (P<0.01). as gram feed consumption per day per hen divided by Eggshell thickness of eggs from hens fed Low-CP diet gram egg mass per day per hen. During 3 days of the without Met supplementation (0.26% of diet) was the end of each period, 16 eggs from each group were worst (P<0.01). However, addition of Met also allowed an randomly taken in order to determine egg weight, egg increase of the eggshell thickness. Consequently, the o using analysis of variance (ANOVA). The differences between the means of groups were separated b y Duncan's Multiple Range Test (Duncan, 1955) . Statements of statistical significance are based o n P<0.05. All statistical analyses were done in accordance with the method of Steel and Torrie (1980) . Linear regression and correlation were also used for statistical analysis.
o o group were still significantly better than all adding Met .40 g; I 0.14 g; Feed preservative substant 2.50 g; Flavor 10 g and carrier added to 1.00 kg premix. Premix was provided by BASF (Thailand).
1 Table 2 : Nutrients contained in experimental diets based on chemical analysis Low-CP diet with 0.30 or 0.38% Met had better i n differ from the control group. However, the adding Met eggshell thickness than the control group (P<0.01).
was unable to improve the development of oviduct equal Although eggshell component expressed as percentage to the control group. of egg was not significantly affected by all experimental diets.
Chemical liver compositions and abdominal fat: Liver
Reproductive organs: Effects of diets on reproductive weight were significantly affected by the experimental organs were presented in Table 5 . Increasing dietary Met diets (Table 6 ). Liver weight of hens fed Low-CP diet intake clearly improved development of ovary and oviduct (0.26% Met) was the heaviest (P<0.05), while adding Met weight (P<0.01). Ovary weight (% of body weight) of hens resulted in the normalization of liver weight and chemical fed the Low-CP diet with 0.44% Met did not significantly liver compositions. Supplementing Met to the Low-CP weight, chemical liver composition and abdominal fat (Keshavarz, 1990) . Because high o environmental temperature may induce a thermoregulatory response from the thermally sensitive loci in the anterior hypothalamic area that depress feed intake (Peguri and Coon, 1991) . Lowering amount of feed intake in present study (87.00-99.98 g/hen/day) compare to average commercial feed intake (110-120 g/hen/day) indicated a clear effect of heat stress. Accordingly, several researches also reported the effect of high ambient temperature on lowering feed intake (Austic, 1985; Howlider and Rose, 1987; Emery et al., 1984; Savory, 1986; Miller and Heath, 1970) . However, only one temperature was involved in this study, it was not possible to identify the specific effects of temperature that were involved in hens' performance. Among the study groups, it was shown that Low-CP diet without adding Met group had the lowest feed consumption. Consequently, Met and protein intake of this group were also the lowest compared to other groups. These lowering nutrients intake might be due to amino acids imbalance because Harper and Rogers, (1965) had reported that feed intake in animals consuming an imbalanced diet is normally reduced. In addition, lowering feed intake of broiler chicks due to inadequate Met consumption has been reported b y Bunchasak et al. (1996; 1997) . Two types of imbalance many be recognized that caused by the addition of a relatively small quantity of an amino acid to a Low-CP diet, and that precipitated by an incomplete mixture of amino acids (D' Mello, 1994) . Moreover, Keshavarz and Jackson (1992) and Penz and Jensen (1991) had reported that decreasing protein level and supplemented Met in poultry diets usually did not depress feed intake. So, in this study, supplementing Met in Low-CP diet could prevent negative effect of amino acids imbalance on feed consumption. Met intakes increased significantly with increases i n dietary Met concentration and this was positively reflected in significant increases in hen-day egg production. Moreover, there was positive relationship between Met intake and egg weight (r = 0.82). This was agreed with Shafer et al. (1996) who reported that Met resulted in an improvement of egg weight. Furthermore, Penz and Jensen (1991) ; Keshavarz and Jackson (1992) had also shown that supplementing Met to Low-CP diet (14% CP) improved egg productions similar to the 16% CP diet. Although, Summers et al. (1988) has reported that We found that Met intake of 439.93 mg/hen/day (Low-CP; 0.44% Met) was able to improve hen-day egg production and egg weight similar to the control group (16% CP; 0.38% Met) which had Met intake of 372.94 mg/hen/day. The study of Met requirement of Isa-brown laying hens strain in Australia also reported that Met concentration of 2.83 g/kg, a mean daily Met intake of 370 mg/hen and 433 mg/hen satisfied the Met requirements of the hens housed in single cages and multiple-caged hens ( 5 hens/cage), respectively (Annual report, 2000) . In present study conditions, the hens were kept in multiple-caged (3 hens/cage) and high environmental temperature, it is indicated that hens may need higher Met intake for maximum egg production when lowering dietary protein was offered, although egg mass (g/hen/day) and FCR were still poorer than the control. Nevertheless, the production advantages of increasing the protein diet from 14 to 16% were limited to a small, significant improvement in FCR due to a slight decrease in feed consumption of 16% CP group compared to Low-CP with high Met supplementation (14% CP, 0.44% Met). Interestingly, rate of mortality was dramatically increased in Low-CP diet without adding Met (0.26%) and then spectacularly decreased as increasing Met levels. Furthermore, hens received Low-CP diet with 0.38 or 0.44% Met had significantly lower in mortalities rate than the control group. In general, during summer period of Thailand (~ 35 C), increasing incidence of sudden dead o syndrome due to heat stress is always found. Thus, lowering dietary protein supplemented with Met significantly showed the prevention of this problem, although such supplementation may not offer protection against heat stress-related depression in all parameters observed. This result also confirmed what Pequri and Coon, (1991) had reported that high protein intake caused an increase of heat increment under heat stress conditions. Egg component was significantly affected by lowering Met intake. Low-CP diet with 0.26% Met significantly resulted in an increment of yolk percentage and a organs (ovary and oviduct) require both protein (amino reduction of albumen percentage. Penz and Jensen (1991) found that decrease of egg size due t o decreasing protein intake was mainly resulted from decrease of egg albumen. Similarly, this study showed that there was high positive relationship between percentage of egg albumen and egg weight (r = 0.96), whereas albumen height was tended to decline when Met was supplemented. Moreover, albumen height and serum total immunoglobulin titres declined with increasing dietary Met concentration (Annual Report, 2000) . The eggshell is formed during the passage of the egg through the oviduct, where the various layers of the eggshell are assembled sequentially (Novak et al., 2004) . Eggshell thickness was significantly improved when Met at 0.30 or 0.38% was added to Low-CP diets. On the other hand, the thickness was slightly decreased in the highest level of Met group (0.44% Met). In this case, the tendency of negative effect of high supplementing Met (0.44%) may be due to the fact that eggshell thickness and eggshell weight reduces with increase in egg size (Roland, 1988; Jackson et al., 1987) . Another reason is that, in general, the foundation of a shell consists of a protein matrix, and it may be possible that increasing the TSAA intake may influence protein synthesis of shell membranes (Novak et al., 2004) . Increasing Met intake from 228.4 to 439.93 mg/hen/day could improve eggshell thickness. Similarly, Carey et al. (1991) reported increased eggshell weight when increasing the level of Met from 330 to 450 mg/hen/day. While, Shafer et al. (1996) reported that there was no effects of TSAA level on eggshell weight or percentage of eggshell when increasing the TSAA intake from 624 to 822 mg/hen/day. Thus, it is suggested that Met intake higher than 620 mg/hen/day will not give any benefit to eggshell quality. Unfortunately, we could not find the research which conducted effect of Met intake from 450 to 620 mg/hen/day on eggshell quality. On the other hand, when eggshell quality was indicated a s percentage of egg, effect of supplementing Met o n eggshell was not significantly found. This was i n agreement with Scheideler and Elliot (1998) who also reported a lack of response of wet eggshell percentage to TSAA intakes. Mongin (1968) has noted that the first restrictive factor of the eggshell formation was the Ca and the second was the carbonate ions, during heat stress, decreasing CO 2 in blood caused by panting could induce lowering eggshell quality. Nevertheless, increasing dietary Ca did not improve eggshell quality under heat stress has been reported (de Andrade et al., 1977; Tanor et al., 1984) . Hence, adding Met to Low-CP diet may be a n advantageous way to improve eggshell quality under this high environmental temperature conditions. It is well known that development of the reproductive acids) and energy (fat) accretion. Hens that are underweight may cause poor reproductive tract development. The results showed that the lowest Met consumption (Low-CP; 0.26% Met group) deprived reproductive organs size (ovary and oviduct; expressed as percentage of body weight). In addition, final body weight of this group was slightly lighter than other groups due to a significant reduction of feed intake. This is also agreed with Muramutsu et al. (1987) who reported that an insufficiency of amino acid or protein consumption or amino acids imbalance resulted in poor improvement of both ovary and oviduct of the hens due to lowering the protein synthesis. The liver weight of hens received Low-CP diet with 0.26% Met was significantly heavier than those other groups. Supplementing Met significantly induced reduction o f liver size. This phenomenon is not surprised since a principle role of Met in the prevention of condition such as liver enlargement in poultry is already well known. The result showed that there was no significant difference among experimental groups for liver moisture content. Supplementing Met did directly affect to the proportion of liver lipid and protein content. Surprisingly, supplementing Met resulted in decrease of liver protein content (r = -0.82), while liver fat content was positively related with Met intake (r = 0.81). The result of liver fat was tended to disagree with general knowledge that deficiency in methyl donor intake always induces high liver fat deposition. Fatty liver syndrome is a condition that mainly affects to the hens. The basic cause i s thought to be excessive dietary energy intake. However, since the feed consumption of all study hens were lower than the commercial recommendation of feed intake and liver fat of hens fed Low-CP with Met supplementation were still lower than the control group, thus it can be said that an incidence of fatty liver syndrome was not appeared in this study. Three major reasons might be given for the changing proportion of liver fat and protein content are that; 1) Low-CP (0.26% Met) without adding Met caused an imbalance of amino acid and then induced high protein synthesis in the liver (Harper and Rogers, 1965) ; 2) addition of Met improved energy utilization in body (Brody, 1994) because supplementing Met resulted in lowering FCR and elevation of abdominal fat content; and 3 ) supplementing Met stimulated high fatty acid synthesis in the liver (Smith et al.,1983) . In the liver, fat synthesis and accumulation were mainly affected by hormone estrogen which synthesized from an ovary (Akiba et al., 1982) . In the supplementing groups, increasing liver fat content may be caused by the effect of high estrogen synthesis in ovary in order to support high egg production. Thus, in fat metabolism aspect, it is noted that effects of supplementing Met on laying hens may be significantly different from broiler chickens or other animals.
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